The presence of a t least 12 species of well-preserved mites in two late Holocene stalagmites from Hidden Cave, Guadalupe Mountains, New Mexico, depicts changing climate over the past 3200 yr. Growth of both stalagmites, determined by uranium-series dating, occurred from a t least 3171 2 48 yr ago and ceased by 819 & 82 yr ago. Some of the 12 subfossil genera and species in the stalagmites are like those currently found in wetter and cooler climates, northern-like, and distinctly different from those known in the cave (n = 16) and on the surface immediately around the cave (n = 32). The mismatch of genera and species in the stalagmites, cave, and surface near the cave argues for a wetter and cooler late Holocene climate in the southwestern United States from ca. 3200 to 800 yr ago.
INTRODUCTION
High-precision uranium-series chronology in combination with geochemical, mineralogical, and growth-rate data in speleothems have provided useful high-resolution climate records in many parts of the world (e.g., Gascoyne, 1992; Denniston et al., 2000 , and references cited within). Here we present a novel approach to the study of paleoclimate by examining microarthropods, especially mite species, preserved in stalagmites from Hidden Cave in the Guadalupe Mountains of New Mexico (Fig. 1) .
Mites have a moderately extensive fossil representation (Bernini, 1991; Selden, 1993) , and were present when terrestrial ecosystems were becoming complex, which is evident from faunas of Lower (Rhynie Chert fauna; Dubinin, 1992) and Middle (Gilboa fauna; Norton et al., 1988) Devonian ages. These faunas included members of the two large branches of the mite order Acariformes, the Prostigmata and Oribatida, as well as representatives of endeostigmatic mites, a paraphyletic assemblage of early-derivative acariform groups. The borings of endophagous Oribatida are abundant in permineralized Late Carboniferous plant fossils (Labandeira et al., 1997) . Oribatid mites dominate the amber fauna of Late Cretaceous and Tertiary age, although the Prostigmata is also well represented (Keilbach, 1982) , and the abundant ! mite subfossils in Quaternary peats are almost entirely oribatid mites (Krivolutsky et al., 1990) . Polyak and Cokendolpher (1992) reported well-preserved mites in two Holocene stalagmites that are the subject of this study. One of these, Paleozercon caverinicolus, was proposed as a new genus and species (Blaszak et al., 1995) . Davis (1999) reported two fossil mites from a Pleistocene speleothem from Kartchner Cavern, Arizona.
has a large entrance (3 X 10 m) that precipitously descends 25 m to the cave floor. Air temperature and relative humidity in the cave were measured as 10 "C and 90%, respectively. Much of the cave floor is flat and consists of silty organic-rich mud. Hidden Cave is decorated with stalagmites and numerous other speleothem types. We found that some small columnar stalagmites are Holocene. These stalagmites have slightly flattened tops, and cross sections show that the stalagmites had this shape throughout growth (Fig. 2) . Water dripping onto these stalagmites forms relatively thick films on their tops, and water running down their steep sides forms thin films. Detritus and organic materials are trapped and preserved during growth. The two small stalagmites selected for this study were collected ed. Thin-section photomicrograph shows outline of mite (arrow) enfrom Hidden Cave, only 30 k m from Carlsbad Cavern. Hidden Cave cased in calcite. 
METHODS
Subfossils were extracted and processed using the procedures of Polyak and Cokendolpher (1 992). Stalagmite fragments were examined at Texas Tech University with scanning electron microscopy using a JEOL JEM-100CX electron microscope, and optical petrography using standard thin sections. Invertebrate samplings from Hidden Cave and the surface around the cave entrance were performed each season during a 1 yr period in 1991 and 1992. These included hand collections, baited pitfall traps (summer and winter trips only), Berlese Funnel extractions, swabs of wet speleothems, and use of a hand vacuuln cleaner with a collecting filter attached to extract small arthropods from cave walls. Uranium-series analysis for chronology was performed at the Radiogenic Isotope Laboratory at the University of New Mexico. Stalagmite powder was dissolved in HNO, and spiked with a mixed ""Th-233U-2MU spike. The use of a mixed spike eliminates propagation of weighing error into the age uncertainties. U and Th, coprccipitated with FeOH,, were separated in anion exchange colun~ns. All isotopic ratios were measured on a Micromass Sector 54 thermal ionization mass spectrometer using an ion-counting Daly multiplier. The age uncertainties include 2 a of the mean analytical uncertainties and uncertainties related to initial 2"h/232Th correction (4.4 X 5 50%).
SUBFOSSIL MITES
A surprisingly high density of mites representing 12 species and parts of other invertebrates were found preserved in the two small Hidden Cave stalagmites, which grew from 3135 5 90 to 887 + 144 yr ago (no. 89037), and 317 1 + 48 to 8 19 + 82 yr ago (no. 89029) (Fig. 2) . Mites and parts of other invertebrates were observed in residues of speleothems from other regional caves as well. The families, genera, and species of subfossil mites and those currently inhabiting Hidden Cave and the surface near the cave entrance are listed in Table  1 . Four species of the subfossil mites are shown in Figure 3 .
Family
Genus species
Astegistidae (0) Bdellidae (P) Camisiidae (0) Cymbaeremaeidae (0) Damaeidae ( 0 ) Eremaeidae ( 0 ) Ereynetidae (P)
Thyrisornidae ( 0 ) Trhypochthoniidae (0) Zerconidae ( 
Source of the Subfossil Mites
The three possible sources of the mites preserved in these stalagmites are (1) the cave (cave-adapted or endogean species), (2) transport into the cave through the drip water, and (3) transport into the cave ' via thc cave entrance (washed or blown into the cave) (accidentals). None of the taxa are members of parasitic or phoretic groups, so it is ' unlikely that they rode into the cave on a host. Detrital grains of quartz " and dickite (20-100 pm), trace quantities of insoluble materials digested from these stalagmites, were introduced into the stalagmites through the drip water. This shows that it is possible for the small mites (100-200 km) to have been introduced to the stalagmite surface through water seepage from the overlying soil zones. However, the presence of other materials found in the stalagmites, such as spider leg segments, 1110th scales, and arthropod fecal pellets and larger remnant invertebrate parts, suggests that there were thriving communities, and that the mites were probably inhabitants of the cave. It is likely that the subfossil mites were cave-adapted or endogean species capable of surviving in the cave environment. Oribatid mites were a common type found in the cave and on the surface around the cave entrance, and especially among the subfossil mites. These mites are generally fungus grazers, coprophages, or saprophagous decomposers of plant litter (Norton, 1990; Walter and Proctor, 1999) , and it is likely that they graze on fungi and bacteria in wet areas, such as the surfaces of growing stalagmites near entrance zones. The presence of microbial life on these stalagmites is supported by numerous filamentous and oval-shaped inclusions within the calcite. In addition, fecal pellets of larger invertebrates (similar to those of modern cave crickets or harvestmen) are preserved in these stalagmites, and may have provided a source of food for the mites.
CLIMATIC SIGNIFICANCE OF THE MITES
A mismatch of mite species found in the stalagmites compared with those currently inhabiting the cave and surface suggests that significant environmental changes have occurred over the late Holocene. Of the 32 species represented in the surface fauna, only two matched the 16 species known to currently inhabit the cave, and only one of the surface species (Propelops canadensis) was preserved in the stalagmites (Table I) . Of the 12 species preserved in the stalagmites, one (Ramusellu n. sp.) may match an extant cave species. Thus, the mite species currently inhabiting Hidden Cave are representative of neither the surface extant species nor the subfossil species. From these results, ' we infer that a change in the mite species has occurred in the cave during the past 3200 yr, and that this was due to climatic and other environmental changes. Norton (1979) discussed the distribution of Damaeidae mites with respect to the climatic episodes of the Pleistocene. Occurrence of the subgenus Epidamaeus (Damaeidae: Epidamaeus) in the northern portions of the United States, especially Rocky Mountain alpine zones, Alaskan and Canadian arctic, pine forests of Florida, and eastern deciduous woodlands, are examples of North American glacial refugia (Norton, 1979) . This subgenus also existed in Hidden Cave during the late Holocene. Refuges now exist in the warmer regions only in pine and deciduous woodlands. Hidden Cave is located at a moderately high elevation (2005 m) in the Guadalupe Mountains, where mixed juniper and pine forest and desert brush are prominent. The vegetation and animal life in this mixed forest and desert exists as a fragile biological equilibrium (Genoways and Baker, 1979) and probably is sensitive to slight changes in climate. Perhaps this subgenus occurred to the north at higher elevations in pine and spruce forests, such as the Sacramento Mountains of New Mexico, and moved southward to lower elevations with the spread of pine and spruce forests during a slightly wetter and cooler climatic phase of the late Holocene.
Of the 12 genera of mites preserved in the stalagmites, 10 were oribatids. Four of these genera, Galumna, Pergalumna, Scheloribates, and Tectocepheus have species that could easily occur in this region today. For example, a few species of these genera are known from New Mexico, Colorado, Texas, and Louisiana (Marshall et al., 1987) . Species of Ramusella are diverse and could occur in this area today. P. canadensis, also found on the surface, is known from California, Alaska, Virginia, and Canada. The presence of this species is interesting, but not a convincing indicator of a chmate-driven refugia explanation for its occurrence in southern New Mexico. Three other genera of oribatid mites from these stalagmites are Epidamaeus (Epidamaeus) sp., "Hungarobelba" sp., and "Porobelba" sp. The subgenus Epidamaeus is represented by >24 species known from the western coastal, southeastern, and northern United States, and Canada (Marshall et al., 1987) . The other two are represented by only a few species and have a similar known distribution. The presence of these three genera in the stalagmites supports an interpretation that climatic conditions were wetter and cooler 3171 to 819 yr ago, but moderately so, because so little work has been done on mite fauna in New Mexico. Three genera from the susface (Cultroribula, Phthiracarus, and Suctobelbella) and one genus from the cave (Euphthiracarus) also have previously known distributions that are distant (Marshall et al., 1987) , but they lack known fossil representation. Interpretation of a wetter late Holocene climate based solely on genera of subfossil mites is therefore somewhat incomplete. However, the mismatch of genera and species combined with the known distribution of genera, as well as the growth of these stalagmites, indicates that the subfossil mites lived in a wetter and probably slightly cooler late Holocene climate in the southwestern United States.
Regional Late Holocene Wet Period
There is general agreement for a mid-Holocene warm period (8-4 ka) followed by a change to near present-day climate ca. 4 ka from the north-central to the southwestern United States (MacKay and Elias, 1992; Nordt et al., 1994; Dean, 1997) . Some plant macrofossil and pollen studies of packrat middens suggest that, in general, the late Holocene may have become increasingly arid (Betancourt et al., 20011 , although more resolved studies indicate wetter intervals within the late Holocene. For example, Toomey et al. (1993) reported more mesic than present conditions for the Edwards Plateau region to the east and southeast of the Guadalupe Mountains from 2.5 to 1 ka from subfossil vertebrate, pollen, and plant macrofossil data. Buck and Monger (1999) indicated a wetter period from 4 to 2.2 ka for the northern Chihuahua Desert west of the Guadalupe Mountains on the basis of stable isotopes and soil geomorphology. In the Guadalupe Mountains region, Wilkins and Currey (1 999) reported a neopluvial period from the eolian record at 3370 yr ago. In addition. Lundelius (1979) reported three fossil northern or highland mammals from Pratt Cave sediment, in the Guadalupe Mountains, dated as 2560 yr old, and indicated that this occurrence represented more mesic conditions than present for that period. Similarly, Applegarth (1979) interpreted more mesic conditions for the lower Guadalupe Mountains at 3-1 ka from Honest Injun Cave (1 113 m elevation) from vertebrate fossil species that are now found only above 1800 m in this region. It is possible that these mammals, like the mites, were forced into small, high-elevation refuges during the drier and warmer middle Holocene, and migrated to lower elevations during the late Holocene wet and cool period.
Columnar stalagmite growth in Hidden Cave during this late Holocene period is an indicator of increased water supply. Cessation in the growth of the two stalagmites containing preserved mites ca. 800 yr ago represents a distinct decline in water supply. The presence of these genera of mites within the stalagmites indicates a probable increase and change in the forest litter surrounding Hidden Cave. Therefore, we conclude that the growth of stalagmites and the preserved species of mites represent an interval of wetter and cooler climate in the Guadalupe Mountains region from ca. 3200 to 8 0 0 yr ago, consistent with varied, previously published evidence. The preservation of mites in speleothems offers a new potential proxy for climate change.
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